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Abstract

Background Choosing Wisely Canada and most major anesthesia and preoperative guidelines recommend against
obtaining preoperative tests before low-risk procedures. However, these recommendations alone have not reduced
low-value test ordering. In this study, the theoretical domains framework (TDF) was used to understand the drivers of
preoperative electrocardiogram (ECG) and chest X-ray (CXR) ordering for patients undergoing low-risk surgery (‘low-
value preoperative testing’) among anesthesiologists, internal medicine specialists, nurses, and surgeons.

Methods Using snowball sampling, preoperative clinicians working in a single health system in Canada were
recruited for semi-structured interviews about low-value preoperative testing. The interview guide was developed
using the TDF to identify the factors that influence preoperative ECG and CXR ordering. Interview content was deduc-
tively coded using TDF domains and specific beliefs were identified by grouping similar utterances. Domain relevance
was established based on belief statement frequency, presence of conflicting beliefs, and perceived influence over
preoperative test ordering practices.

Results Sixteen clinicians (7 anesthesiologists, 4 internists, 1 nurse, and 4 surgeons) participated. Eight of the 12 TDF
domains were identified as the drivers of preoperative test ordering. While most participants agreed that the guide-
lines were helpful, they also expressed distrust in the evidence behind them (knowledge). Both a lack of clarity about
the responsibilities of the specialties involved in the preoperative process and the ease by which any clinician could
order, but not cancel tests, were drivers of low-value preoperative test ordering (social/professional role and iden-
tity, social influences, belief about capabilities). Additionally, low-value tests could also be ordered by nurses or the
surgeon and may be completed before the anesthesia or internal medicine preoperative assessment appointment
(environmental context and resources, beliefs about capabilities). Finally, while participants agreed that they did not
intend to routinely order low-value tests and understood that these would not benefit patient outcomes, they also
reported ordering tests to prevent surgery cancellations and problems during surgery (motivation and goals, beliefs
about consequences, social influences).
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Conclusions We identified key factors that anesthesiologists, internists, nurses, and surgeons believe influence pre-
operative test ordering for patients undergoing low-risk surgeries. These beliefs highlight the need to shift away from
knowledge-based interventions and focus instead on understanding local drivers of behaviour and target change at

the individual, team, and institutional levels.

Keywords Preoperative testing, Electrocardiograms, Chest X-rays, Anesthesia management, Theoretical Domains
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Background

Preoperative testing before low-risk surgeries, referring
to procedures that have a baseline risk of adverse events
of less than 1% (Kirkham et al. 2015), does not improve
patient outcomes (Chan et al. 2011; Biteker et al. 2012;
Fritsch et al. 2012; Smetana and Macpherson 2003),
increases costs to the health care system, (Rayborn et al.
2017; Finegan et al. 2005; Kash et al. 2015), and can pro-
long time-to-surgery and length of stay (Bernstein et al.
2016). Based on extensive evidence, Choosing Wisely
Canada and most major anesthesia and preoperative
guidelines recommend against obtaining any preopera-
tive tests before low-risk procedures (Dobson et al. 2021;
Canadian Anesthesiologists’ Society Five Things Clini-
cians and Patients Should Question n.d.). However, while
research shows that guidelines may have modest to mod-
erate improvements in care, they alone do not reduce
low-value test ordering (Grimshaw et al. 2004). For exam-
ple, in 20122013, 17.9% of patients undergoing low-risk
procedures in a single Canadian healthcare system had
at least one low-value electrocardiogram (ECG) or chest
X-ray (CXR) (Canadian Institute for Health Information
2017), compared to 18.9% in 2015-2016, 14% in 2017-
2018, and 11.7% in 2019-2020 (Canadian Institute for
Health Information 2022).

Designing interventions to reduce low-value preopera-
tive testing (defined as an ECG or CXR performed in a
patient undergoing a low-risk surgery) requires under-
standing the current drivers of low-value test order-
ing by clinicians (Health ProfessionsNetworks Nursing
& Midwifery for Human Resources of Health (2010);
Kvarnstrom 2009). Previous theory-informed study of
preoperative test ordering behaviours in anesthesiologists
and surgeons in Ontario, Canada by Patey et al. (2012)
found that low-value test ordering is due to systems- and
individual-level factors. These factors include lack of
clarity about which healthcare provider was responsible
for ordering preoperative tests, a “just-in-case” mental-
ity of ordering investigations to prevent adverse patient
outcomes and surgical cancellations, and low-value tests
being completed before the anesthesiologist appointment
(Patey et al. 2012). However, it is not known how these
drivers differ between healthcare systems. Building on
this work, we sought to understand drivers of low-value

preoperative testing among anesthesiologists, internal
medicine specialists, nurses, and surgeons in a single
healthcare system in Alberta, Canada. The aim of this
work is to (1) explore how context (i.e., health systems
in different jurisdictions) influences identified barriers
and (2) match these drivers to targeted interventions to
reduce unnecessary testing in surgical patients undergo-
ing preoperative assessment.

Methods

This qualitative study used theory-guided, semi-struc-
tured interviews to examine drivers of low-value pre-
operative test ordering behaviours among preoperative
healthcare providers. For the purposes of the study, low-
value preoperative tests were defined as ECGs or CXRs in
patients having low-risk surgeries (Kirkham et al. 2015)
in keeping with previous studies by study team members.
Low-risk surgeries are non-urgent procedures with a
less than 1% risk of cardiac death or myocardial infarc-
tion; examples include endoscopies, ophthalmic proce-
dures, and arthroscopy (Kirkham et al. 2015). This study
was approved by University of Calgary Conjoint Health
Research Ethics Board (REB18-1097) and is reported
according to the Consolidated criteria for Reporting
Qualitative Research (COREQ) guidelines (Tong et al.
2007).

Setting

Alberta is a Canadian province of over 4.5 million peo-
ple with public health insurance under a single healthcare
system. Patients undergoing a scheduled surgery may be
referred for a preoperative medical or anesthetic con-
sultation by the operating surgeon depending on local
guidelines or individual assessment of the patient’s medi-
cal comorbidities. Depending on local resources, patients
may see an internist, family physician, anesthesiologist,
or some combination of these providers in preoperative
consultation.

Participants

Healthcare providers involved in preoperative test
ordering (anesthesiologists, internists, nurses, and/or
surgeons) were recruited using a snowball sampling
strategy (Brewerton and Millward 2012) and purposive
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sampling techniques (Maxwell 1996). First, we asked
clinician-researchers on the study team to identify 2—-3
providers who might be knowledgeable about preop-
erative test ordering. Then, as part of the interview
script, we asked consenting participants to suggest
potential clinician participants who may have differing
opinions for participation.

Inclusion criteria were physicians or nurses cur-
rently practicing preoperative assessment, care, or
management, and who had seen patients in this capac-
ity in the previous 3 months in Alberta, Canada. An
environmental scan prior to this project suggested that
ordering preoperative tests was in the scope of prac-
tice for nurses working at certain sites and that some
nurses were ordering preoperative tests on behalf of
other healthcare providers outside of their scope of
practice. For this reason, we included nursing in our
recruitment to avoid missing data on drivers of low-
value preoperative testing. We purposively sampled to
ensure we had participants from rural and non-aca-
demic settings and varying years of clinical work expe-
rience. Considering the need to sample four different
clinician groups in rural and urban areas, we estimated
a sample population of 25 participants, with at least
5 per discipline (French et al. 2012). We reviewed the
demographics of the sample after 10 interviews and
focused recruitment on underrepresented disciplines.
We used the 10+ 3 data saturation approach (Patton
2002); in this approach, we began analysis of themes
after an initial sample of 10 participants and continue
recruitment until 3 consecutive interviews did not
contribute new themes. Saturation was reached after
19 interviews.

Interviews

A semi-structured interview guide was developed using
the Theoretical Domains Framework (TDF; version (1),
a theory that guides study of the drivers and barriers
to a behaviour (Michie et al. 2005), and previous work
by study team members (Patey et al. 2012) (Additional
file 1). The final interview guide consisted of 35 ques-
tions, including questions about their workplace and
questions based on each of the 12 domains in the TDF:
knowledge; skills; social/professional role and identity;
beliefs about capabilities; beliefs about consequences;
motivation and goals; memory, attention and decision
processes; environmental context and resources; social
influences; emotion; and behavioural regulation. At the
beginning of the interview, participants were provided
with operational definitions of low-risk surgery and
low-value preoperative testing to ensure consistency
across responses. The interview guide was piloted with
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a clinical team member (SMR) and did not require revi-
sion. Potential participants were contacted via e-mail
and invited to participate in an interview. Interviews
were conducted via telephone or in-person.

Data analysis

Interviews were audio-recorded, de-identified, tran-
scribed verbatim, and loaded into NVivo 12 (Burlington,
MA) for coding and analysis. A coding guideline based
on previous research (Patey et al. 2012) was used as an
initial guide. Two team members (Y] and SM) applied
the deductive coding framework to the first transcript
and reconciled discrepancies through discussion. Inves-
tigators then independently coded interviews in NVivo
using Framework analysis (French et al. 2012). Cohen ‘s
Kappa coefficient (Landis and Koch 1977) was used to
determine agreement between reviewers for all assigned
codes. Domains with Cohen ‘s Kappa coefficient <0.80
were discussed between research team members to rec-
oncile discrepancies. If consensus could not be reached,
discrepancies were referred to the team’s health psy-
chologist for resolution (Landis and Koch 1977). Rel-
evant domains were identified by one researcher (Y]) and
confirmed by a health psychologist (AMP) based on (1)
how many times a belief appeared across interviews, (2)
presence of conflicting beliefs, and (3) the perception of
how strongly a belief influenced the behavior (Patey et al.
2012).

After coding, one researcher (Y]) reviewed all utter-
ances and wrote a summary sentence which captured the
key message or specific belief expressed in each. Similar
key messages by the same participant were only reported
once. Belief statements were then grouped based on simi-
larity to create themes and reviewed by the health psy-
chologist (AMP). A table consisting of the major themes,
specific beliefs, and participant quotes was created for
each of the domains with a final column indicating the
number of participants sharing each belief.

Results

Participant and site demographics

Participants were diverse with respect to practice disci-
pline, academic appointment, and geographic location
of practice (Table 1). Data from three nurse participants
was not included in this analysis as they reported from
the outset that they were unable to order preoperative
tests. This did not change data saturation.

Key themes
In total, 1,852 utterances from the 16 interviews were
coded into the 12 TDF domains. Interrater reliability
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Table 1 Demographics and work characteristics of interview participants
Participants Anesthesiologists Internists Surgeons Nurses
(n=7) (n=4) (n=4) (n=1)
Sex
Male 4 3 -
Female 4 0 1 1
Setting
Academic 4 2 4 -
Community 2 1 0 1
Academic 4+ community 1 1 0 0
Clinical experience (years; median (IQR)) 11.0(1-18) 15.5 (5-20) 13.0 (3-33) -
Proportion of their patients who undergo low-risk 30-100% 20-50% 10-50% 100%

surgeries®

2 Participant estimates

for each interview ranged from ‘substantial agreement’
(k=0.67) to ‘almost perfect’ (k=0.87; mean 0.77 £ 0.07)
(Landis and Koch 1977). Key themes from the interviews
were found across eight of the 12 theoretical domains:
knowledge, social/professional role and identity, beliefs
about capabilities, beliefs about consequences, motiva-
tion and goals, environmental context and resources, and
social influences (Table 2).

Knowledge alone did not drive low-value preoperative
testing. Most participants were aware of preoperative
testing guidelines (national, provincial, and/or institu-
tional) and that these guidelines recommended against
ordering ECGs and CXRs for patients undergoing low-
risk surgeries based on peer-reviewed evidence. Even
while reporting that these guidelines were helpful, most
participants simultaneously expressed distrust of guide-
line quality and the supporting evidence. Participants
felt that the role of guidelines was to guide clinicians
rather than police decision-making, were only sometimes
evidence-based, and included high- and low-quality evi-
dence (knowledge).

Most clinicians felt that they did not need to order
ECGs or CXRs to do their job and, while half of partici-
pants felt it was their responsibility to review these tests
when they were available, the other half felt that it was
not their responsibility to review tests that they did not
order. Interestingly, while clinicians considered it part
of their job to avoid ordering unnecessary tests, some
internists reported that surgeon referrals often prompted
them to order tests to justify the consultation or to order
tests based on the belief that if the patient had been
referred to them, there must be a reason (social/profes-
sional role and identity, social influences). The majority
of clinicians also reported not needing to routinely order
ECGs or CXRs; however, this intention contained a num-
ber of caveats where participants justified ordering tests

based on age, medical condition, clinical necessity, and
type of practice (i.e., oncology vs. non-oncology) (moti-
vation and goals).

Lack of role clarity about which healthcare professional
should order preoperative investigations and which
healthcare professional should act on the results of these
investigations was a central theme. For example, anes-
thesiologist and surgeon participants indicated that they
should be responsible for ordering preoperative investi-
gations, while internist participants had mixed opinions
about whether they should or should not be responsible
for ordering tests. Interestingly, while some respondents
believed that other specialists were ordering preoperative
testing when they should not be, most clinicals felt that
the ability to order tests should not be restricted either
(social/professional role and identity, social influences,
environmental context and resources).

Most clinicians expressed that, with a good history
and physical exam, they felt confident to proceed with-
out testing, although some noted that this depended on
the patient (beliefs about capabilities). Most clinicians
reported that it is easy, and sometimes too easy, to order
tests because the only thing they had to do was to ‘tick
a box’ (beliefs about capabilities, environmental context
and resources).

While a majority of participants felt that it was easy to
not order low-value tests, many mentioned that cancel-
ling ECGs or CXRs ordered by others was not easy (belief
about capabilities). Some clinicians reported that they
could not or would not cancel another physician’s order
because this could be seen as an overreach into the other
physician’s scope of practice which could potentially
lead to legal issues or harm their relationships with col-
leagues and patient families if there was an adverse out-
come due to not ordering tests (beliefs about capabilities,
beliefs about consequences, social influences). Additional
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reasons for the difficulty to not order or cancel tests
included the fact that tests were ordered automatically
by the electronic health system/protocol, by nurses, or
by the surgeon, and completed by the time they were
seen by anesthesia or internal medicine to increase clinic
efficiency and avoid increasing wait times (beliefs about
capabilities, environmental context and resources).

There was variability in participant views on the con-
sequences of not ordering preoperative low-value tests.
The majority agreed that not ordering tests would save
time, money, resources, reduce inconvenience and harm
to patients, and decrease the chances of incidental find-
ings. Despite this, participants reported that they may
still order these tests to prevent surgery cancellations by
an anesthesia colleague who preferred to have these tests
available on the day of the procedure (beliefs about con-
sequences, social influences). Conversely, some clinicians
stated that they order tests to prevent problems during
surgery and expressed concern over potentially missing
something that could affect the patient for which they
would be responsible (beliefs about consequences).

Domains not found to be relevant

Skills, memory, attention and decision processes, emo-
tion, and behavioural regulation were not identified as
relevant domains (Table 3). All clinicians reported that
anesthesiologists, nurses, internists, and residents should
have experience and training to complete the patient his-
tory and physical exam and order appropriate preopera-
tive tests. Most clinicians reported that the decision to
order tests was easy, not automatic, and based on patients
“ history, physical exam, medical conditions, and type of
procedure (memory, attention, and decision processes).
Most participants also expressed that their own emo-
tions do not influence their test ordering but did worry
about both unnecessary testing and potential adverse
outcomes when tests are not ordered. Finally, behavioural
regulation was not considered a relevant domain as par-
ticipants did not currently have any strategies to reduce
unnecessary testing and their suggestions for changing
practice were already represented in the above-described
domains as ways to address barriers and enablers.

Discussion

This qualitative analysis of interviews with preoperative
clinicians used the TDF (Michie et al. 2005) to under-
stand the factors that influence the ordering of low-value
preoperative tests in patients undergoing low-risk surger-
ies. The main drivers of low-value test ordering in our
setting were both system- and team-level; specifically,
a lack of role clarity around preoperative test ordering
among preoperative clinicians, perceived interprofes-
sional expectations, and a current process where tests
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are ordered before patients are seen by anesthesia or
internal medicine to maximize clinic efficiency (social/
professional role and identity, environmental context and
resources). Our data highlights that low-value testing
occurs partly because preoperative medicine is a complex
process with multiple providers from different disciplines
working in a variety of inpatient and outpatient settings
in the absence of a structure that facilitates crosstalk
within and across disciplines. Interventions to reduce
low-value test ordering should address these factors.

These facilitators of low-value preoperative test order-
ing in Alberta were similar to those reported in Ontario
(Patey et al. 2012). In both provinces, the lack of role
clarity among the different specialists involved in the
preoperative process contributed to low-value test order-
ing. In both settings, participants indicated that they
ordered low-value tests to prevent surgical delays or
day-of cancellations, based on the perception that their
colleagues would be expecting these tests (beliefs about
consequences, social influences). Similarly, the preop-
erative process in both provinces drives higher low-value
test ordering by automatically sending patients for most
tests before assessment by anesthesia and/or internal
medicine. Similar findings were found in recent research
from Saskatchewan (Shahid et al. 2021). However, unlike
Ontario and Saskatchewan, clinicians in Alberta reported
less trust in the quality of the evidence and guidelines
that recommend against low-value tests before surgery
and believed that individual patient factors justified
higher rates of low-value testing (knowledge and motiva-
tion and goals).

The number of healthcare providers and the complex-
ity of the preoperative process in Alberta contributed
to many of the drivers of low-value test ordering in this
setting. In Alberta, there are a greater number of special-
ists involved in the preoperative assessment compared to
other Canadian jurisdictions, and any clinician involved
in the preoperative process, including surgeons, anesthe-
siologists, nurses, and internists, could order low-value
tests based on their own judgement. Due to the num-
ber of providers involved in preoperative test ordering,
respondents described a dilution of responsibility for
low-value test ordering, with many stating that these tests
were either ordered by other clinicians or completed by
the time patients were seen at the pre-admission clinic.
Additionally, participants reported that most institutions
had preoperative testing algorithms which were used by
surgeons and/or nurses, rather than the anesthesiologists
or internists. Interestingly, some participants reported
that the algorithms for preoperative testing are created
by anesthesiologists, and therefore, other specialists may
believe that they are following the instructions written
by anesthesiologists. In addition, nurses’ ability to order
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preoperative tests varied between settings both officially,
based on a hospital’s institutional policies and unoffi-
cially, based on local practice. Furthermore, while most
participants indicated that it was easy to not order tests,
participants also reported that it was difficult to can-
cel tests ordered by other providers even when they felt
that the tests were not indicated. This is consistent with
previous research, which found that an important driver
of low-value testing was anesthesiologist’s reluctance to
cancel tests ordered by a surgeon prior to the preopera-
tive assessment (Brown and Brown 2011). The ease of not
ordering tests and difficulty of cancelling already ordered
tests is consistent with the human tendency to choose
the path of least resistance (Keijzers et al. 2018a). Alto-
gether, this complex system favors low-value testing, as
it only takes one of the many preoperative care provid-
ers to order an unnecessary test whereas all the preopera-
tive care providers have to not order any unnecessary test
to avoid low-value preoperative testing. For this reason,
our results suggest that an intervention targeting only
one group of providers or targeting individuals without
addressing systems may be unlikely to reduce low-value
test ordering.

These data suggest defining interdisciplinary roles
for all providers involved in preoperative assessment
is necessary to reduce low-value preoperative testing
across healthcare systems. Role clarification, referring to
“understand[ing] their own role and the roles of those in
other professions, and use this knowledge appropriately
to establish and achieve patient/client/family and com-
munity goals’, is a core competency in interprofessional
collaboration (Canadian Interprofessional Health Col-
laborative 2010; Suter et al. 2009) that can reduce cost
of care, outpatient visits, and clinical error rates while
improving clinical outcomes and increasing patient sat-
isfaction (Health ProfessionsNetworks Nursing & Mid-
wifery for Human Resources of Health (2010). However,
our study and others have shown that team members do
not always acknowledge, understand, or respect each oth-
er’s roles (Kvarnstrom 2009; Larkin and Callaghan 2005).
Role clarification has a positive impact of collaborative
practice in improving access and coordination of health
services, appropriate use of specialist clinical resources,
and patient care and safety (Health ProfessionsNetworks
Nursing & Midwifery for Human Resources of Health
(2010); NHS Modernisation Agency 2004). Fisher found
a 55% reduction in test ordering after the introduction of
a clinical pathway that restricted preoperative test order-
ing to the anesthesiologist with an 88% reduction in day-
of-surgery cancellations and 59% decrease in hospital
costs with no increase in adverse patient outcomes (Fis-
cher 1996). Role clarification can occur formally, through
institutional policy or directives, or informally through
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discussions, interprofessional rounds, or agreements.
Preoperative clinicians should decide who will determine
which tests are required before surgery and plus clarifica-
tion of professional expectations for what tests are or are
not needed for surgery.

Further, our findings can guide design and selection
of additional intervention components to reduce low-
value preoperative testing. For example, interventions
may need to address the ease of ordering and the speed
at which tests can be performed (beliefs about capabili-
ties), as clinicians currently only have to ‘tick a box’ to
obtain tests. This supports previous research which
suggests that redesigning the requisition forms (Emer-
son and Emerson 2001; Zaat et al. 1992; Mathura et al.
2021), limiting the test menu based on the physician’s
specialty (Calderon-Margalit et al. 2005), or restrict-
ing how many tests physicians can order within a time
period (i.e., every 8 h) (Neilson et al. 2004), are some of
the strategies that reduce the number and frequency of
tests ordered. In addition, institutional policies or pro-
cesses that lead to preoperative tests being automatically
ordered for all patients should be carefully reviewed and
de-implemented in a thoughtful way. The NHS found
that stratifying preoperative patients by their estimated
surgical risk and creating evidence-based pathways for
low-risk patients reduced low-value care while improv-
ing efficiency (Monitor 2015a, b, c). The implementation
of this strategy required establishing standardised path-
ways and protocols created collaboratively by anesthesi-
ologists, surgeons, and nurses, which detailed the roles
and responsibilities of all the groups and guided the risk
assessment (Helping and providers improve productivity
in elective care. London. 2015). The creation of policies
which clarify roles and adds barriers to low-value testing
would also have a positive effect to counter physicians’
‘intervention bias’ (Foy and Filippone 2013) and promote
clinical inertia or “actively doing nothing as a positive
response” (Keijzers et al. 2018a, b).

This study has several limitations. First, the setting
was a single health system, and these results may not
be transferable to different contexts. Organizations
should undertake a barriers and enablers study in their
own setting to understand what factors influence pre-
operative test ordering. Second, the results may not be
representative of everyone’s views nor be considered as
objective influences in the test ordering behaviour. For
example, three of the four surgeon participants had an
oncology practice, and their patients may not include
patients undergoing low-risk surgeries. Interviewing sur-
geons in a non-oncological practice might provide addi-
tional insight to why surgeons order preoperative tests in
patients undergoing low-risk surgeries.
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Conclusion

This study adds to growing evidence that guidelines or
‘education only’ interventions to reduce low-value pre-
operative testing do not address the drivers of ongoing
low-value test ordering. Investigators and administra-
tors aiming to reduce low-value test ordering can lev-
erage implementation science expertise to understand
their local context and drivers of low-value testing
in their settings. They should consider role clarifica-
tion of all clinicians who order preoperative tests and
any directives that drive preoperative testing in their
interventions. De-implementation strategies in Alberta
need to encompass changes at an institutional- and
team-level. By using theory-driven approach with the
TDF, potential interventions linked to the theoretical
domains, could be more effective at changing behav-
iour, and thus reduce unnecessary preoperative testing
in patients undergoing low-risk surgeries (Grol et al.
2013; Davies et al. 2010).
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